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Abstract. A single field inflation based on a supergravity model with a shift symmetry 
and U{1) extension of the MSSM is analyzed. We show that one of the real components of 
the two 17(1) charged scalar fields plays the role of inflaton with an effective scalar potential 
similar to the “new chaotic inflation” scenario. Both non-anomalous and anomalous (with 
Fayet-Iliopoulos term) 17(1) are studied. We show that the non-anomalous 17(1) scenario is 
consistent with data of the cosmic microwave background and recent astrophysical measure¬ 
ments. A possible kinetic mixing between 17(1) and U{1)b-l is considered in order to allow 
for natural decay channels of the inflaton, leading to a reheating epoch. Upper limits on the 
reheating temperature thus turn out to favour an intermediate ( 0(1013) Qgv) scale R-L 

symmetry breaking. 
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1 Introduction 

Inflation offers a natural framework to alleviate the problems associated with the original Big 
Bang model, such as flatness, horizon, and monopole problem. For more than three decades, 
the measurements of the cosmic microwave background (CMB) temperature anisotropies have 
confirmed the predictions of inflation. In order to construct a consistent model of inflation, 
an extension of the Standard Model (SM) is required. A supersymmetric extension of the SM 
with Fayet-Iliopoulos (FI) U{1) provides a simple realization of D-term inflation, which avoids 
the slow-roll problem in supergravity (known also as r/-problem) [1, 2]. This problem emerges 
due to the fact that in supergravity, the F-term SUSY breaking is universally mediated by 
gravity and all scalar fields, including inflaton, acquire masses of order the soft SUSY breaking 
masses, which are of order the Hubble parameter, hence spoiling the slow-rolling. 

With minimal Kahler potential and superpotential of the form W = XS4>+(p-, a D- 
term hybrid inflation (DHI) is obtained with constant tree level potential V = where 

g is the gauge coupling and ^ is a FI D-term. Such non-zero energy density breaks SUSY 
and non-trivial radiative corrections are obtained, which lift the flatness of this trajectory 
and produce the necessary slope for driving inflation. However, hybrid inflation predicts 
spectral index close to one [4], which is not consistent with the recent observations [5, 6]. On 
the other hand, chaotic inflation induced by F-terms in supergravity has been explored in 
Ref. [10-12] by introducing a shift symmetry. Therefore, the Kahler potential depends only 
on the imaginary part of a scalar field. Thus, the real part of this field (which plays the 
role of inflaton) does not suffer from exponential growth. In addition, it was emphasized 
that a stabilizer field, which has no shift symmetry, is also required so that the inflationary 
potential can be bounded from below. The stabilizer field can be interpreted in string theory 
as a three-form multiplet [13] . 
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It is tempting to use a singlet scalar field as inflaton so that one can impose the shift 
symmetry as mentioned above. However, considering scalar fields which transform non- 
trivially under a U{1) gauge group (or other gauge symmetry) is preferred to dilute any 
topological defect associated with the breaking of this symmetry [21]. In addition, it allows for 
natural couplings between these fields and the SM particles as well as right-handed neutrinos, 
that may give rise to reheating process after the inflation ends [22]. 

In this paper we analyse inflation in a supergravity framework of 17(1) gauge symmetry 
with and without FI term. We introduce two fields, <j)i and 02, carrying opposite charges 
under a 17(1) symmetry, to which we provide a shift symmetry in the Kahler in addition to 
a singlet scalar field S as stabilizer. We show that a linear combination of the real parts of 
01 and 02 will play the role of inflaton and a single field inflation potential, similar to the 
’’new” chaotic inflation potential [24] is obtained. Our approach is somehow similar to [43], 
although our setup has the advantage to be rather minimal and an explicit formulation in 
SUGRA is provided. 

The paper is organized as follows. In Section 2 we study the inflation in shifted symmet¬ 
ric C7(l) SUSY model. We show that large (super-Planckian) field is required for consistent 
inflation. In Section 3 we consider the possibility of a non vanishing FI term and study 
its influence on the inflationary dynamics. Section 3 is devoted for analysing the reheating 
process after the end of inflation through the decay of inflaton to two right-handed neutrinos. 
Our conclusions are given in Section 4. 

2 Shift Symmetric SUSY model 

We are interested in building an inflationary model with the inflaton held charged under a 
U{1) symmetry. To release such a scenario in a supergravity framework it is well known that 
one can impose a shift symmetry to circumvent the so called //-problem of seeing the inhaton 
appear in the Kahler potential, which makes the inhaton potential much too steep [14, 15]. 
Yet, dehning a shift symmetry in the case where the inhaton carries some charge is a bit 
more involved than it is in the case of a singlet inhaton^. Let us introduce this question by 
starting with the most minimal material, that is two superhelds 0i and 02 carrying opposite 
charges under a 17(1) symmetry. The two complex scalar components contain thus four real 
ones among which one could potentially drive inhation. A possible choice for realizing a shift 
symmetry is to impose the following invariance in the Kahler potential. 

01 —> 01 + ic 
02 —> 02 + ic 

( 2 . 1 ) 

^Attempts using multi-field approach could maybe solve the //-problem [16] in a different way, but stand 
outside of from the framework of this study. 
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which can arise by defining a Kahler potential of the sort 

K = \cj,i + . (2.2) 

Along this punchline, and in order to get a single field inflation scenario as an effective theory, 
one needs to make fields that are not the inflation get masses higher than the Hubble scale 
during inflation. As mentioned in the introduction, a singlet stabilizer field S will play an 
important role in providing heavy masses to those degrees of freedom [24, 28]. Let us hence 
start with the following M = 1 supergravity model whose Kahler potential is 

K = \ct^r + ^2? + \S\^-C\S\\ (2.3) 

The additional quartic term in S is added in order to make the latter sufficiently heavy so it 
does not perturb the inflation dynamics as well. 

In this respect, the most general renormalizable superpotential preserving R-symmetry 
is given by 


IT = A5((/.i(/)2 + m2), 


(2.4) 


where R[S] = 2 and R[<?li] = —R[4>2] and M is some dimensionful mass parameter. Note that 
we will work in what follows with masses in Planck units, by setting the reduced Planck mass 
to unity. Although the chosen superpotential is here somehow similar to the one exposed 
in models dealing with SUSY GUTs or FI terms hybrid inflation [4, 29], in which a neutral 
inflaton interact with charged superfields called the waterfall fields, we stress the fact that 
contrarily to this kind of models, our inflaton field will be here explicitly charged under the 
17(1) symmetry. 

For now, we do not consider any Fayet-Iliopoulos term. Therefore the D-term potential 
is given by 

= (2.5) 

and the F-term potential is, in units where the reduced Planck mass is set to 1, 


Vf 




K^^DiWDjW , 


( 2 . 6 ) 


where the index a runs over the superfields {(pi, 02, *5'} and 74/IT = diW + WdiK. Accord¬ 
ingly Vp will take the form 


Vf = e 


K 


((1 - 4C|5|2)-i [l + |5|2(1 - 2C|5|2)])' |0/02 + 


(2.7) 


+ |<5P ( 01 + (0102 + M2)(0/ -|- 02) + 02 + (0102 + M2)(0/ -|-02) 


-3|5|2|0i02 + M' 


2|2 
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It turns out that a supersymmetric minimum for the potential V = Vf + Vd is located at 


(5) = 0, { 4 >icI) 2 ) =-M^ and . (2.8) 

Since the Kahler potential (2.3) depends only on the combination cpi + (f) 2 , it is convenient to 
express the potential in terms of the combinations 4>i ± 02 and the supersymmetric minimum 
becomes 

(S) = (01 + 02) =0, |0i-02|" = 4M2. (2.9) 

Using this redefinition, the complex fields can be written as 

S = s + ia (2-10) 

01 + 02 = a + f/3 

01 - 02 = /O , 

and the minimum (2.9) is then given by 

(s) = (cj) = (a) = (0) = 0 and {p) = 2M . (2-11) 

The supersymmetric vacuum thus presents a U{1) symmetry, which is let invariant by the 
massless goldstone boson 9 as we will see. Furthermore, the Kahler potential (2.3) is inde¬ 
pendent on the fields p and 6. In other words, the latter fields are two potential candidates 

for driving inflation during a 60 e-folds slow roll regime. However one has to know what is 

the mass range of these fields in order to determine which fields quantum fluctuations will 
dominate the energy density during the inflationary period. 

The tree level masses are given in the true vacuum (2.11) by 

ml = = , (2.12) 

= 2M^A^ , (2-13) 

uIq = , ml = 0 . (2-14) 

As mentioned above, the field 6 thus appears to be exactly massless in the vacuum. The 
latter turns out to be the Nambu Goldstone boson arising after spontaneous breaking of the 
1/(1) gauge symmetry. Indeed, the gauge lagrangian 

Cg = = 1(5^ - + WA^)<P2\^ , (2-15) 

after integrating out massive fields contains a mix term 

-2MgA^^d^e, (2.16) 

which can be absorbed in the gauge field by a unitary transformation, see Appendix A. 

The field 6 turns hence out to be an unphysical degree of freedom. The only physical 
field not appearing in the Kahler is thus p which will be from now on our inflaton candidate. 
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So that Inflation can last for 60 e-folds, p is assumed to take large values at initial time of 
the slow roll period. Other fields being present in the Kahler will shortly stabilize to zero 


and the masses turn out to be 

= (-:? = y (2p^ + C{p^- ^M^ f) , (2.17) 

{mZ'f = + y - 4^2) (p2 _ 4M2 - 2) , (2.18) 

(m“)2 = y (p" - 8M2 (p2 _ 1) + 2p2 + iqm ^) , (2.19) 

(m“)2 = ^(3p2-4M2), (2.20) 

= ( 2 . 21 ) 


Again, the real field 6 is massless and could in principle, being the lightest field involved 
in the inflationary dynamics, perturb inflation. However we show in appendix A that the 
latter remains absorbable by the gauge field ~ and is thus an unphysical degree of freedom 
- during the whole Inflation period. Therefore, from now on, we consider the inflaton to be 
the single field p. The inflationary trajectory hence corresponds to^ 5 = a = /3 = 0. For 
this hypothesis to be valid, one yet needs to check that p is the lightest field involved in the 
scenario and that all the other fields stay heavier than the Hubble scale during inflation. The 
Hubble parameter during inflation is given by 

H2(p) = ^(4M2-p2)2 , (2.22) 

One should first note that the inflaton mass ~ can be made lighter than the Hubble 

scale ~ }?M^ only in the case where M ^ 1 in Planck units. We will assume this in the 
rest of the paper, ensuring that the single field inflation scenario is valid. Accordingly, the 
field dependent tree-level masses of the fields (2.17) can be expressed as 


{rrPff = (m“)2 = + 24 , (2.23) 

{mtf = g^p^ + 6H^-^{p- AM ^), (2.24) 

(m“)2 = 12 ^ (4M2 + p2) , (2.25) 

= y(3p'-4M2), (2.26) 


where all the spectator fields are indeed ensured to be heavier than the Hubble scale if 
> 1/24. Therefore, setting the heavy fields to their minima in the F-term and D-term 

^Note that for large values of the inflaton, a second minimum exists for ui at ~ p which disappears while p 
approaches its minimum. Such values of a however generate large off diagonal terms in the mass matrix which 
destroy the inflation scenario. We thus assume in the following that a starts at small values and consequently 
stays stabilized at zero. 
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Figure 1. Observables arising from 60 e-folds of inflation using the potential V = ^ (4M^ — in the 
case where M 3> Mp. The orange dot stands for the chaotic case. Upper part of the curve is released while 
the inflaton starts from high initial values of the inflaton vev whereas the lower part depicts observables in the 
case where the inflaton starts from low values. Purple and green dots stand respectively for the cases where 
M — 10 Mp and M — 15 Mp. 


parts of the scalar potential will result the single field inflationary potential 

^inf(p) = ^(4M2-p2)2 _ ^2.27) 

Such a potential has already been studied in [24, 26, 27] in details. Small values of M 
make the potential essentially quartic and is ruled out by WMAP measurements, hypothesis 
which is anyway excluded as mentioned above by the requirement of single field inflation in 
our model. The case of large M 1 is opening two different possible scenarios of viable 
quadratic inflation^. The case where p starts from small values is similar to the natural 
inflation picture while the case where p starts from large initial conditions is the “new” 
chaotic inflation scenario with mass m?p ~ imagined by Kallosh and Linde in [26]. 

Such scenario remains able to produce observables acceptable with respect to the recent 
constraints published by Planck and BICEP2 [8, 9]. Observables obtained within this context 
are depicted in Fig. 1 for various values of the parameter M. 

Yet, one should stress the fact that for low values of the parameter M, which could 
be taken for instance to be of order M ~ GUT scale, the initial potential (2.7) can be 
minimized on the direction (i>i = 4>2 = ^ reproducing a model similar to a standard hybrid 
inflation arising before the GUT phase transition, similar to the scenario of [1]. In this 
framework, the inflaton is jS"] = and the effective inflation tree level potential is, 

^Note that similar mexican hatAlhs inflationary potential can be obtained in Coleman-Weinberg potentials 
[25] leading to similar observables. 
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(2.28) 


at the fourth order in the sub-planckian vev of S, given by 


Vb = 


8 + leCS^ + (32C^ + 14C + 1) 5^ 


where we have normalized \S\ to S = \/2|S'|. However, for this scenario to be viable, and 
similarly to the hybrid inflation case, C must take negative values which is in a sense less 
motivated if one wants to interpret the quartic corrections to the Kahler as arising from loops 

[17]. 


3 Adding Fayet Illiopoulos Terms 


In this section we study the influence of adding a constant Fayet Illiopoulos term. As we will 
see this can perturb the inflation dynamics and will be constrained by observations. 

The D-term potential is given by 

Vd = Y + ^)\ (3.1) 

and the SUSY minimum turns out to be 


,2 T? + + 4M4 

m,2\ = -^- 


(3.2) 


In such a scenario, the fields s and a remain stabilized at zero. However, turning on 
the ^ parameter will, contrarily to the previous section shifts the vev of a and /3 to non-zero 
values. In order to understand clearly how fields stabilize in this case, one can thus define 
the directions in a polar representation as follows 


4>1 + (t>2 

4>1 — ^2 


{R + Rq) e^o , 


{p + Po) e PO , 


(3.3) 

(3.4) 


Rq and pq being the vacuum expectation values of the radial fields at the minimum. In 
this way, the goldstone boson arising from the breaking of the U(l) symmetry can be easily 
visualised in the combinations 


9, = (. - r) Aim , (3,5) 

po 

= + (3.6) 

no 

Indeed the axion k does not appear in the potential expression and can be removed from the 
theory by a gauge transformation in a similar fashion that we did in Appendix A. Solving 
the equations of minimization djiV = 0 and drV = 0 at the minimum imposes the condition 


(t) 


e^o 


PqRq 
P o + -^0 

RojpoRo — 0 
AVo {-^M^ + pI-RD ’ 


(3.7) 

(3.8) 
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and the condition dpV = 0 reads 

Q ^ 9^ {Rl (4M^ - pI + 2) + 2pl + Rt) {poRo - Q _ 

2/30 

Solving both equations provides the exact vevs for p and R 

1 y/2 

{p) = po= (2M^ + y/eT^) , (3.10) 

{R) = R^=- - / (3.11) 

( 2M2 + 

The parameter ^ being assumed to take values smaller than , then the vevs shifting corre¬ 
spond to corrections of order O which will be used in what follows as the appropriate 

expansion parameter. Using the latter formalism makes appear clearly the Goldstone boson 
of the theory as an exactly massless field. However, the stabilization of the phase r (3.7) 
renders the use of the basis ((/>i ± ^ 2 ) more appropriate to describe the scalar masses and the 
effective potential. Defining the basis 


4>i±4>2^a± + il3± , 

the true supersymmetric vacuum reads 


(3.12) 


(^) 

(«-) 

(a+) 


(o-) = {/3+) = W-) = 0, 

(2M'^ + , 

_e_ 

(^2M2 -h 


(3.13) 

(3.14) 

(3.15) 


As in the previous section, one can produce an inflationary scenario by letting the field 
a- slow-roll during 60 e-folds while the other heavy fields stabilize quickly to their respective 
vacuum expectation values. 

Scalar masses at the end of inflation are given by 


ml = ml = ^ , 

= A' (2M2 (^1 + + 

ml^ =2g^ + ^ + , m}_=Q. 


(3.16) 

(3.17) 

(3.18) 


where dots stand for higher order terms in O or O ^ 2 m) main component 

is the goldstone boson which is hence an unphysical degree of freedom. 
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During Inflation - meaning that one allows a_ to take values away from its vev - the 
field is slightly shifted from its minimum and in the small vev approximation, one can 
obtain the values 


{l3+)inf - 0, 

(p^+')inf — ■; 


Sg^ia- 


(3.19) 

(3.20) 


852a_2 + A2a_4 - 2A2a_2 + 16A2M4 - ' 

Under the assumption ^ <C 2M - which is reasonable since we impose M ^ 1 - such values 
of the fields are indeed highly snppressed. Minimizing the potential with respect to s, a, a+ 
and /?+ hence provides the effective inflation potential 

Vinfia.) = ^ ( 85 ^ (^ - a_A)2 + A^e^' {{A^ - aJ) + , 

8g‘^^a- 


A{a-) = 


(3.21) 


a_2 (8 c/ 2 + A2 (a_2 _ 2)) + 16A2 m4 - SX'^M^ (a_2 - 1) ' 

During Inflation, the tree level mass matrix gets, from the FI term, off diagonal terms that 
have to be removed by diagonalization of the blocks 




, f(«_2-4M2) g2^ 

g^C ^ (a_^ +0-2(2-8M2) + 8M2(1 + 2M2)) 


, (3.22) 


and 

(m, 




inf \2 

q:+,q_ / 


+ (^2 - 1 (4M2 + 1) A2) 0-2 + m2 (2M2 + 1) A2 


^g^{a-+6M) 
IM 


4M 

I (30-2 - 4M2) A2 


while the S field still gets masses 


(mf )2 = (m;“)2 = y (C - 4M2)^ + 2a_2 


(3. 


(3.24) 


Eigenvalues of the latter blocks are, at leading order in ^ and M ^ 1, given by 


(m“ )2 = 0-2^2 ^ ^ _ 2 c,_ 2 + i) + g {2M^ + m2)) 


+ 


9g" 

2A2M2 4M2 


+ ... , 




)2 = ^A2 (30-2-4M2) - 




1 


(m;;:)2 = ±A2 (0-2-4M2)- 


4 

A2 


2A2M2 4M2 

e 

2A2M2 4M2 


+ ... , 


+ 


(^+)^ = y (2 - 8M2) + 8 (2M^ + m2)) + 


9 


2A2M2 4M2 


(3.25) 

(3.26) 

(3.27) 
+ ... . (3.28) 


These masses are corresponding to those we got without FI terms in (2.17), in addition to 
corrections of order O (^) . Again, the field (3- is mainly constituted of the Goldstone 











boson AC, and turns out to be an unphysical degree of freedom and hence is removable from 
the theory by a gauge transformation. Among other masses, and for values of C ^ only 
OL- has a mass smaller than the Hubble scale and can be the single field driving the Inflation 
process. 

Numerical simulation of the observables in the case ^ < Mp <C M provide results 
essentially identical to the case without FI terms. Indeed corrections of the dynamics have 
been shown to appear through the expansion parameter ^/M. If one wishes to explore 
regions of the parameter space where ^ S> 2M and in particular where M is taken to be 
sub-planckian, one has to solve numerically the equations of motion in order to determine 
the - Inflaton dependant - vacuum expectation value of a+. One can in this case release 
60 e-folds of Inflation while the Inflaton rolls down from transplanckian values, but such 
scenarios lead to observables where typically 


ns ~ 0.965 and r > 0.2 , 


(3.29) 


which is excluded to high significance by Planck and Bicep II measurements [8, 9]. Note that 
the parameter space is far from being free of constraint since a too high value of the product 
(typically when can violate the COBE normalization. Furthermore, the shift 

symmetry imposed to protect the inflaton mass from dangerous corrections is in this case 
violated and the ry-problem re-appears since the mixing in the mass matrices (3.22, 3.23) is 
no longer negligible. 


Comment on local R-symmetry As studied in full details in [18], once going to super¬ 
gravity with a constant FI term, one has to redefine charges such that the superpotential 
transforms correctly under the induced local R-symmetry. In this case, the invariance of the 
superpotential (Eq. 2.4) under U{1) gauge symmetry imposes [18] that 


5W = iY,9<li(l>id^W = i^W, 


gi 


(3.30) 


where 

Q.i = Qi 1 = 2, (3.31) 

with ai are the R-symmetry charges and Qi are 17(1) charges of the chiral superfields S', (j)i , 4)2 
in globally SUSY limit, i.e., Qi have the following assignments: Qs = 0, Qi = 1, <52 = —1- 
Such condition imposes that 


with 



and -I- 0^2 = 0 , 


(3.32) 


as = 2 and oi = —02 , 


(3.33) 
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which actually coincides with the R-charges in the global limit. Hence, the D-term potential 
is then given by 

2 

Vd = y {qs ISp + qi \4>i\‘^ + q 2 |02p + (3.34) 

As a matter of fact, one could expect from such modification of the D-term potential to 
perturb the inflationary scenario. Nevertheless it is not the case. Indeed, the presence of the 
additional piece in the D-term potential providing more mass to the field S, and the charges 
qi and q 2 being still of opposite charges still imposes a stabilization of the fields around the 
global minima (3.2), where the FI term ^ is rescaled as ^ ^/q with q = 1 + ^/{2Mp). 

Correspondingly, a±,j5± at the minimum will be slightly shifted'^ 


(^) 

(«-) 


(«+) 


(a) = (/3+) = (/3_) = 0, 

1 /2 

(^2M2 -h 

^ 


1 

_?_u 0 (—) 

AM 

1 

^ 16M3M2 ^ 


(3.35) 

(3.36) 

(3.37) 


Masses of the fields remains essentially unchanged (up to the rescaling mentioned above), 
whereas as we just mentioned the mass of the field S gets corrections 

{m}ff = ^ y “ AM'^f + 2a_2^ -h 2qsg'^^ . (3.38) 


As an interesting point, one could yet notice that the presence of a new quadratic term 
in S in the scalar potential may allow to get rid of the quartic term introduced in the Kahler 
in order to stabilize the latter. Indeed, for such mass term could play such role 

and provide a mass for S larger than the Hubble scale. Yet, as we discussed previously such 
region of the parameter space remains excluded since diagonalization of the mass matrix 
would destroy the shift symmetry and re-introduce an ry-problem. 

To put the above results in a nut-shell, one can conclude that the effects of introducing 
a Fayet-Illiopoulos term would become relevant when the parameter £ becomes of order 
2M ^ 1, which would be somehow difficult to motivate. In the reasonable case where 
£ <C 2M, effects of the FI term appear furthermore as negligible perturbations of the inflation 
potential (3.21) and have no significant consequences on the cosmological observables. 


4 Reheating After inflation 

We now turn to study the reheating process after inflation. In this process, the known 
matter is created through the oscillation and the decay of the inflaton field. In standard 

“^We assume here that ^ < Mp, which constitutes a reasonable assumption from a string theory point of 
view. Note in particular that too high values of ^ require very small values of the parameter g for reasons 
mentioned above, which would also be somehow unnatural. Otherwise ^ should be extremely small compared 
to the Planck scale. 
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supersymmetric hybrid inflation models, the inflaton is a pure singlet, therefore, it is tempting 
to assume an unknown non-renormalizable coupling between the inflaton and right-handed 
neutrinos, which is generally suppressed by Planck scale. In such case the inflaton can decay 
to pairs of right-handed neutrinos which can generate the observed baryon asymmetry of the 
universe via leptogenesis. 

In our model, the inflaton is charged under a U{1) gauge symmetry, and may thus 
naturally decay into particles charged under this symmetry or any other U^l)' that has the 
usual kinetic mixing with our U{1). One may assume that the MSSM Higgs fields Hu and 
are charged under this U{1) and hence the reheating process may occur if the inflaton decays 
to Higgs fields via the mediation of the U{1) gauge boson. However, any direct coupling like 
pHuHd will generate a very large /r-term, which is phenomenologically unacceptable. Also 
the possible decay of p to two gauge bosons that decay into Hu and H^ (and eventually SM 
quarks through Yukawa interactions) will be highly suppressed and can not account for the 
required decay width. 

It is clear that our C/(l) can not be the U{1)b-l of right-handed neutrinos since it would 
be broken at a very large scale close to the Planck scale and hence be inconsistent with the 
expected neutrino masses [8]. Therefore, we consider a U{1)b-l as an extra symmetry 
that has a kinetic mixing with our U{\). We assume in what follows the B — L symmetry 
to be broken at a scale vb-l ~ lO^^GeV such that the associated scalar and gauge fields 
get masses after the inflation ends. The possible kinetic mixing between our U{1) and the 
U{1)b-l would induce a mixing between their gauge bosons. In addition, it was shown in 
[40, 42] that in the context of the BLSSM (a U{1)b-l extension of the MSSM) the kinetic 
mixing between U{1)y and U{1)b-l generates a mixing between the standard model Higgs 
and the B — L scalar field y. Also in our case one may obtain a similar mixing between the 
inflaton field and the B — L scalar field y. As shown in Appendix B, the p — x mixing is 
given by 


. _ gOBL VB-L jp) 

2{rnj, — m|) 

where g and pb-l are the kinetic mixing parameter and U{1)bl gauge coupling respectively. 
Such a mixing generates a coupling between the inflaton and right-handed neutrinos as 
depicted in Fig. 2. 

Thus, the effective coupling between the inflaton and right-handed neutrinos, Y^ff, can 
be written as 


^// ~ ) 


(4.2) 


where Yv is the Yukawa coupling of scalar field y to the right-handed neutrino 

The inflaton mass is fixed by the COBE normalization [41] rup ~ AM O(10^3^GeV 
and we assume here that the scale of spontaneous breaking of the B-L gauge symmetry 
matches the inflaton mass scale vb-l ~ fBp- The mass of is however not protected by 
the B — L symmetry breaking scale and can thus be larger than the latter (even of order 
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Figure 2. Process inducing a decay of the inflaton into the right-handed neutrinos The diagram involves 
a mixing ^ vb-l{p) between the inflaton p and the B — L higgs field x whose value arises from 

kinetic mixing of the two f7(l)’s (see Appendix B). 


GUT scale due to possible mixings with other GUT scale scalars). The mixing Y^ff turns 
hence out to be of order 

U//=. MB-L (^) (1^) Vv. (4.3) 

For ~ 0(10^®) GeV, one thus finds T).// — 99 b-lYn. The reheating temperature Tr is 
given by [30, 39] 

(4.4) 

where T is the total decay width of the inflaton field 

r = + T , (4.5) 

and Mp is the reduced Planck mass. The interactions of p, and are given by 

£ D Te// (P p > (4.6) 


with ~ YjsfVB-L is the supersymmetric mass of the right-handed neutrino supermulti- 
plet. The decay rates are then 


■p 

^e// {ml 

1 

CO 

to 


IGvr 

9 ’ 

T . . . _ 



h 

i 

1 

87r 

mp 


Therefore, Tr takes the form 


Tr = 


(87r)V^Mp^/Ve// K - 4^4)^/" 

28 Vvr 


1-2^ 

mi 


280f 




eff 


1/2 


(4.7) 

(4.8) 


(4.9) 

(4.10) 


- 13 














For the aforementioned values of masses and B — L coupling one can show that the reheating 
temperature is of order Tr ~ 10^^ g qb-lYn GeV. Thus, for qb-l ~ 0(0-1), ~ 10“^ 

and g ~ 10“^ one gets Tr ~ 10® GeV, which is consistent with the cosmological constraints 
[33-37], 

Finally, it is worth recalling that the inflaton field has mass rsj 0(10^^) GeV and that 
all the other scalar fields are much heavier, so that they are stabilized in the global minimum 
during inflation. Although some of them (heavy components of the fields (/>i,2) are charged 
under ?7(1) and could in principle produce lighter particles much before the inflation ends, 
their energy density is then diluted during inflation due to the fast expansion of spacetime 
such that the latter particles play no role in the inflationary scenario. 

Before concluding, it is important to note that our analysis can be generalised for a 
supergravity framework with a general gauge group G (say S'O(IO) or flipped SU{5)) instead 
of U{1), especially as emphasized above where a viable inflationary scenario is obtained 
without FI term. In this case, the charged fields (pi and (p 2 will be chosen as fundamental 
and anti-fundamental multiplets of the gauge group G. The vevs of these scalars will break 
G down to a subgroup H that contains the SM gauge group SU{3)c x SU{2)l x U{1)y- Thus 
inflation will be associated to the high scale phase transition and gauge symmetry breaking. 

Finally, we emphasize that in many models, where inflation is embedded in grand unified 
scenarios [44-48], the associated gauge group is usually broken by the waterfall of charged 
spectator fields at the end of inflation. Therefore, a dangerous induced production of topo¬ 
logical defects (such as monopoles, cosmic strings, etc.) has to be kept under control [49-52]. 
A way to overcome this problem was suggested in what is known as smooth and shifted 
hybrid inflation [19-22], where the gauge symmetry is broken by spectator fields along the 
inflationary path of a singlet field. As advocated in the introduction, in our scenario the U{1) 
symmetry, or GUT gauge group in general, is broken along the inflation trajectory, hence 
any produced cosmic string will be diluted during inflation. In this respect, charged field 
inflation seems to be favoured. 

5 Conclusions 

In this paper we studied a single field inflation scenario within supergravity with shift and 
abelian 17(1) symmetry. We have considered the case where the inflaton is charged under 
anomalous and non-anomalous 17(1). We have shown that an effective potential of the new 
inflation type is obtained in both cases, which allows to release 60 e-folds of large field 
inflation with consistent spectral index and tensor to scalar ratio with the recent Planck and 
BIGEP II results. We have also analysed the reheating after inflation due to the decay of the 
inflaton. We emphasized that one can generate natural couplings between the inflation and 
right-handed (s)neutrinos, through the kinetic mixing between our 17(1) and 17(1 )r_r. With 
intermediate B — L symmetry breaking scale, we showed that the reheating temperature can 
be of order 10® GeV, consistently with usual cosmological constraints. 
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A Elimination of the Goldstone Boson 


Expanding the gauge Lagrangian (2.15) after shifting the fields around the minimum 

= \{di,-igAf,)4>i\‘^+ \{d^ + igAf,)4>2f , (A.l) 

= |(d^ - + 1(9;. + igA,){-Me-^^/^^)\\iA.2) 

hence, one finds a mixing term of the form 

- 2gMA^df,e. (A.3) 

This term is unphysical and we can get rid of it by fixing the gauge to the unitary gauge 
and accordingly the Nambu Goldstone boson 9 will be eaten by the gauge field to acquire its 
physical mass according to the Higgs mechanism. Now let us discuss and the gauge fixing. 

Referring to the field redefinitions (2.10), one can write the gauge Lagrangian (A.l) in 
terms of p, 9, a, (3. 

(pi + ^2 ^ a + il3 (A.4) 

h-^2^ P , 


While fields oscillate around their minima, one can define the unitary gauge by setting 




1 

2Mg 


0^,9 


a + i^ = + 


(A.5) 


In this respect, the 9 degree of freedom will disappear and be absorbed so that the massless 
U{1) gauge field is realized as a massive field. The gauge lagrangian (A.l), under these 
transformations, becomes 




{daif + {dj32f + {dpf B^g'^ 
2 ^2 


+ P 2 + P^) + gBf,02d^ai - di9^^2) -(A.b) 


It hence appears after expanding the inflaton vev around its vev (p) = 2M that the gauge 
boson gets in the ground state a tree level mass m\ = 2g'^M‘^. Note that this elimination of 
the goldstone boson 9 is valid after and during inflation, as stated in section 2. 
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U{l)inf 

1 

1—1 

h 

+ 1 

0 

4>2 

-1 

0 

Xi 

0 

+1 

X2 

0 

-1 


Table 1. Charges of the fields involved in the mixing between our U{1) and the B-L U{1) symmetry. 

B Inflationary BLSSM 

In this appendix we aim to give a rigorous formulation of the microscopic model proposed in 
section 4 to provide a decay channel for the inflaton. The discussion is based on the works 
realized in [40, 42]. 

We assume that the theory is described by two U{1) symmetries : one under which the 
inflaton is charged, and being the B-L symmetry used for leptogenesis. The charges of the 
fields is summed up in Tab. 1. 

Recall that in our model the inflaton p is the real component (for a convenient choice 
of 6) of the combination 


(t)l - <t)2 = ^2 + iPl = p + 2M = P + Vinf ■ (B.l) 

On the other hand we showed that ((/>i -|- (^ 2 ) = (oi + 'i'h) = 0 such that we can generically 

write the initial fields (/>i under the form 

(f)i = ^ -b Pi + i , (B.2) 

</>2 = ^ (^ 2 ’"'^ + P2 + * ¥^ 2 ) , (B.3) 

where = Vinfl^f2. The fields xi ^2 breaking the U{1)b-l symmetry can be 

written in the same fashion than in [40] 


Xi = ^{vi + h+i mi) , 
X2 = ^{v2 + h + i m 2 ) . 


(B.4) 

(B.5) 


We now allow a kinetic mixing the gauge fields of two t/(l)’s. According to [40, 42], rotating 
the gauge fields in a basis in which the kinetic mixing takes the form 


/ 9inf 9 \ 

V 0 gBL) ’ 

a mass matrix mixing block between the real scalar 
writing the D-terms and can be written to be 


(B.6) 

fields (pi, P 2 ) Xi) X 2 ) is induced from 


2 x 1.2 


^99bl 


inf inf \ 

Vl -V^ V2 \ 

inf inf I ’ 

—V2 Vi V2 V 2 J 


(B.7) 
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which gives, after a rotation in the basis (^p = -^{pi - P 2 ), /5 = + P 2 ), Xi; X 2 ) 


m 


PPXl,2 2 ^^^^ 


. 0 0 


(B.8) 


This writing of the mixing allows us, since the field xi is coupling to right handed 
neutrinos in a BLSSM setup via the superpotential term 


W D YnXi^r^r , (B.9) 

to provide the inflaton a tree level decay, as studied in section 4. Note that the vev ui is 
denoted by vb-l in the rest of the paper and that the field xi is denoted by x for notation 
simplicity. 
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